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,Now art is the contrary of chaos.”

— lgor Stravinsky




The Problem

Frederic Chopin playing for prince Radziwitt in 1887,
Henryk Siemiradzki



How to grasp music?
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‘Etude in A minor" (Op. 10, No. 2) by Fryderyk Chopin



A partial solution

Allegro. (J = 144)

4 5 4 3 3
sempre legato s 34 3% 3 4 5 3 Al 3.5 4 3 4 3 5 4
e Doy P PIPPITI I ff:jg@#@iﬁrm
’@ | > z ' Z i
% = Z

CCCCCC

2.{|° pgi

\—“7':_6 )

i 3
7
2B 5 4_3 5 4 3 4 3 43454 g 4 3 4 3.5 4 5 4 5 4 3
(= TR S is TS ETs

o ¥ Y % q g
. o = — >
DL t — 43 7 - :\\__,,; ¢
D

'Etude in A minor" (Op. 10, No. 2) by Fryderyk Chopin




What we would like instead?”

[0,9,10,11] ---» [1,2,3,4] ---» [5,6,7,8] ---» [0,9,10,11]
R -

.
™ 1049]------ » [049] ----- > [259] ------ » [2.5.9]

'Etude in A minor" (Op. 10, No. 2) by Fryderyk Chopin



Fven petter ...

[011r213] - P [0111213] - P [011;2r3] - P [0711213]
I

[] .
- [0,3,7] ----- » [0,3,7] ----- » [0,3,7] ----- » [0,3,7]

'Etude in A minor" (Op. 10, No. 2) by Fryderyk Chopin



Wow!

[0,1,2,3,4,5,6,7,8,9,10,11]
.
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'Etude in A minor" (Op. 10, No. 2) by Fryderyk Chopin



tructure heor

[0,1,2,3,4,5,6,7,8,9,10,11]
¥

[]
T ®10,3,7]

[011r213] i [01112r3] i [0;11213] e [011v213]

[1
-~
[or3r7] """ > [013r7] """ > [01317] """ > [Or3r7]
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Forte DSL




Forte DSL

Allen Forte (born December 23, 1926) is a music theoretician
and musicologist best known for his work “The Structure of
Atonal Music” published by Yale University Press.

What is Forte theory?
A mapping of pitches to pitch classes
- A mapping of intervals to interval classes
» A grouping of pitch classes with pitch class sets
- Pitch class set normalization
- Various pitch class set relations
- Analysis with interval vectors and basic interval patterns
- Complexes and subcomplexes
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Claude Debussy at the piano



Pitches to Pitch Class Sets

Andante tres expressif
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con sordma

[01317] - P [013)619]

Forte mapping - "Clair de lune" C. Debussy



Contributions

What we propose:
- Forte theory systematization and enhancement

- A EDSL instead of a batch processor for manipulating

- Forte-theoretic entities

- Techniques for domain abstraction, interpretation swapping
and self-optimizing library implementation

- A method for boilerplate code reduction



Graph DSL




Graph DSL

Basic concepts:

- Modeling music as a graph

- Time axis and musical time windows

- Vertical plane

- Musical paths and the horizontal plane



Graph DSL example

[3;415] """"" > [7,8,9]
v
[3;415] """"" ! [7,8,9]
IR 4
[01112] Rl [3;4;5] """"" . [2,7,9] -------
A
[31415] °°°°°°°° > [71819]

[3,4,5] ---» [2,3,4,5,6,7,8,9,10,12]



[1

Musical Time Window

[0,9,10,11] ---» [1,2,3,4] ---» [5,6,7,8] ---» [0,9,10,11] ---» [1,2,3,4] ---» [2,3,4,5] ---» [0,1,10,11] --- » [8,9,11]

o~ [01419] """" > [01419] """ > [2r5r9] """" > [2r5r9] """ > [or4r9] '''' > [Or4r9] """ > [Or4r9] """ > [Or4r9]



Musical Time Window

"

bar bar




Musical Time Window
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Musical Time Window

quarter

bar bar



[1

Vertical Plane

[0,9,10,11] ---» [1,2,3,4] ---» [5,6,7,8] ---» [0,9,10,11] ---» [1,2,3,4] ---» [2,3,4,5] ---» [0,1,10,11] --- » [8,9,11]

o~ [01419] """ > [01419] '''' > [2r5r9] """" > [2r5r9] """ > [or4r9] """ > [Or4r9] """ > [Or4r9] """" > [Or4r9]



[1

Vertical Plane

[0,9,10,11] ---» [1,2,3,4] ---» [5,6,7,8] ---» [0,9,10,11] ---» [1,2,3,4] ---» [2,3,4,5] ---» [0,1,10,11] --- » [8,9,11]

[0,49] ------ » [0,49] ----- » [2,59] ------ » [259] ------ » [0,49] ----- » [0,49] ------ » [0,49] ------ » [0,4,9]



Allegro. (J = 144.)
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Vertical Plane
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Quarter Note Time Window




[1

Horizontal Plane

[0,9,10,11] ---» [1,2,3,4] ---» [5,6,7,8] ---» [0,9,10,11] ---» [1,2,3,4] ---» [2,3,4,5] ---» [0,1,10,11] --- » [8,9,11]

o~ [01419] """" > [01419] '''' > [2r5r9] """ > [2r5r9] """ > [or4r9] '''' > [Or4r9] """ > [Or4r9] """ > [Or4r9]



Horizontal Plane




Horizontal Plane
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Horizontal Plane

Two Horizontal Planes



Graph DSL operations




Function application code example

forte [pcs [0, 1,2], pcs[2,3,5]] $
Init
$=: transpose 5
$=| [2] |= primeForm



Function Application Intuition

[2,3,9] ---»[/,8,10] ---» [0,1,3]

[0,1,2] ----» [5,6,7] ----» [5,6,7]



Split code example

forte [pcs [0,1,2], pcs[2,3,5]] $
it
$<:2
$<|[1,3] |< 2



Split intuition

R <
[2,3,5]
R <
[£,3,57] =
[0l1l2] ST
e <
[0,1,2] °

[2,3,5] ---

[
[01112] T

[2,3,5]

" '
-
-

» [2,3,5]

» [2,3,5]

[0,1,2]

" I
-
-

» [0,1,2]

» [0,1,2]



Merge code example

forte [pcs [0, 1, 2], pcs [2,3,5], pcs[1,2,9]] $
Init
$>|[1,2] |> unify
$>: intersect



Merge Intuition

[0,1,2]
¥, .
[2;3)5] et [01112:3)5]
T -
)
[1r219] °°°°° > [11219] .



Cut and Inject code example

forte [pcs [0, 1, 2], pcs[2,3,5], pcs|[1,2,9]] $
Init
$>>1

[ [2.]

+: pcs (5,6, 7]



Cut and Inject Intuition

[1,2,9] ---» [1,2,9]
[2,3,5] ---» [2,3,5]

[0,1,2] ---» [O,1,2] ---» [5,6,7]



Helper code example
forte [pcs [0, 1, 2]] $
Init
$<=: (5, transpose 3)
=| |1] |= multiply 11
2] |= transpose 4
3] |= transpose 6 . multiply 5

=| [5] |= complement . transpose 8
$>>1

$>=: (intersect, transpose 1)



Helper Intuitions

[3, 8 B somcsnmossnaien » [7,8,9]
.'(
[3,4,5] ------n--- » [7,8,9] .
Y . 4
[0,1,2] ---» [3,4,5] ---------- »[2,7,9] ------nn-- » [8,10]
: A
-
[3, 8§ smssnmnssnaass » [7,8,9]
N

[3,4,5] ---» [2,3,4,5,6,7,8,9,10,12]



Forte Framework =
Forte DSL + Graph DSL




Getting real

forte [pcs [ 1] $

init" <: 2

+| [1] |+ pcs [0,9,10, 11] $+| [2] |+ pcs [0, 4, 9]
=|[1] |=t 4

=|[1] |=t4%=|[2]|=1t5

=|[1] |=t 4

=|[1] |=t4%=|[2]|=1t 7

=|[1]|=t1

=|[1] |=1t 8

=[ [1] |= (\\ pcs [10]) . £ 10

=|[1] |=t9.(\/ pcs[10]) $=| [2] |=t4 . i




[1

Final result ...

[0,9,10,11] ---» [1,2,3,4] ---» [5,6,7,8] ---» [0,9,10,11] ---» [1,2,3,4] ---» [2,3,4,5] ---» [0,1,10,11] ---» [8,9,11] --- » [5,6,7,8]

> [0I4I9] '''''' L [0r419] .... > [215r9] '''''' > [2I5’9] '''''' L [OI4I9] .... > [01419] ''''' > [Or4r9] .... > [Or4r9] .... > [or4r7]



... and with a little more work

[0,9,10,11] ---» [1,2,3,4] ---» [5,6,7,8] ---» [0,9,10,11] ---» [1,2,3,4] ---» [2,3,4,5] ---» [0,1,10,11] - -- » [8,9,11] -- - » [5,6,7,8]
I

[0,4,9] ------ »[0,4,9] ----- > [259]------ »[2,59] ------ »[0,4,9] ----- > [0,4,9]------ > [0,4,9] ------ > [0,4,9] ----- > [0,4,7]

Allegro. (J = 144)
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Thank you!




